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Safety of improved Milbond-
TX mycotoxin binder when 
fed to broiler breeders above 
recommended levels
M. J. Schlumbohm*, J.A. England†, R. Kriseldi§, and C. Coon‡
ABSTRACT
An increasing concern in poultry nutrition is the effects of mycotoxins in contaminated grain. 
Several new products have come onto the market that chemically bind these toxins preventing 
mycotoxicosis. However, many of these products have not been tested for safety if accidently 
overfed to broiler breeders. In order to simulate a feed mixing error at a feed mill, Improved 
Milbond-TX® was overfed to broiler breeders to see if this would cause any negative effects on 
bird performance. A typical corn-soybean based diet supplemented with Milbond-TX mycotoxin 
binder at three different levels of inclusion (0%, 0.5%, and 1%) was fed to 300 broiler breeder 
hens. Data were collected on egg production, egg weights, hatchability, fertility, and chick weights 
from 24 to 35 weeks of age. Eggs per hen housed were not significantly different between the 
three treatments. The differences in egg weights, hatchability, fertility, and chick weights were also 
insignificant among the three treatments. We were able to conclude that overfeeding Improved 
Milbond-TX had no negative effect on bird performance and is safe to feed at a level of up to 1%.   
* Michael Schlumbohm is a senior with a poultry science major.
† Judy England is the project/program manager for Dr. Coon.
§ Rueben Kriseldi is a May 2014 graduate with a major in poultry science.
‡ Dr. Coon is the mentor and a professor of Poultry Nutrition in the Department of Poultry Science Center of Excellence 
for Poultry Science.
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INTRODUCTION
Mycotoxins are caused by fungi that grow on grain ei-
ther in the field or during storage of complete feed (Fig. 1). 
Dangers of mycotoxin infections are especially high during 
drought years or if grain is improperly stored. These fungal 
infections are hard to avoid and exist in virtually all feed that 
livestock and poultry consume. Previous studies of myco-
toxin levels in poultry feeds have revealed the presence of a 
number of different toxins. Many recent samples contain at 
least 10 contaminants (Croubels, 2013). The most prevalent 
mycotoxins include toxins from the genera of Fusarium, As-
pergillus, and Penicillium (Croubels 2013). Most of the time 
there is no marked effect on animal performance. However, 
when exceptionally high levels occur in poultry feeds it can 
lead to mycotoxicosis. Mycotoxicosis can be a serious threat 
to poultry performance as it can cause lesions in the gas-
trointestinal tract, and oral cavity as well as erosion of the 
gizzard, inflammation of the proventriculus and epithelial 
mucosa of the intestinal wall (Fig. 2). These conditions can 
cause reduced uptake of nutrients and can leave the bird 
susceptible to further infection from other pathogens. My-
cotoxicosis also results in reduced flock uniformity. 
Because of the ill-effects of mycotoxicosis, there have 
been several methods employed to reduce the amount of 
mycotoxins ingested by animals. Among these is the use 
of genetically resistant crops (Wu et al., 2006; Kabak et al., 
2006). Proper crop rotation and management, use of bio-
logical and chemical agents, and irradiation are also ways 
to prevent mycotoxin growth in grains (Kabak et al., 2006). 
Recently there has been research into the use of clay-based 
adsorbents. Improved Milbond-TX® is an inert montmoril-
lonite clay-based hydrated sodium calcium aluminosilicate 
(HSCAS) adsorbent that originates from natural clay de-
posits (Miles and Henry, 2007a). Though there has been re-
search testing the safety of Improved Milbond-TX in broiler 
and layer diets, there has not been as much research done 
with broiler breeders. The basic principle of clay-based ad-
sorbents is similar to a chemical reaction and therefore, the 
release of free energy is the driving force of every adsorp-
tion (Huwig et al., 2001). Physical structure of the adsorbent 
such as total charge and charge distribution and surface area 
are important features as well. Along with this the properties 
of the adsorbate molecules, the mycotoxins, such as polarity, 
solubility, size, shape and—in case of ionized compounds— 
charge distribution and dissociation constants play a signifi-
cant role. Because of the variability of these properties, it is 
important to investigate the effectiveness of each product 
when it interacts with the mycotoxins (Huwig et al., 2001).  
However, it was not certain how higher than recom-
mended levels of Improved Milbond-TX would affect 
egg production, egg weight, hatchability, fertility, or chick 
weights of broiler breeders. The goal of this study was to 
determine if or how bad the effect of higher than recom-
mended levels of this product would affect bird perfor-
mance. Based on previous studies done with this product, 
it was hypothesized that the effect would be slight if at all. 
MATERIALS AND METHODS
The birds raised for this experiment were Cobb 500 fe-
males and MX males (Cobb-Vantress, Inc., Siloam Springs, 
Ark.). All of the feed that was fed from 0 to 21 weeks of age 
also was supplied by Cobb-Vantress. The birds were fed on 
Fig. 1. Corn kernel infected by Aspergillus flavus. 
Infection by this mold can lead to mycotoxicosis. 
Photo courtesy of Dr. William Huff, USDA.
Fig. 2. Aflatoxin affected liver (left) vs healthy liver 
(right). Photo courtesy of Dr. William Huff, USDA.
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a skip-a-day schedule and reared to the body weight growth 
curve recommended by the primary breeder. 
At 21 weeks, the birds were divided between 12 pens. 
There were 4 pens per treatment. In each treatment there 
were a total of 100 hens making for a total of 300 hens used. 
The hens were housed in floor pens with 25 hens and two 
cocks per pen.
Also at 21 weeks, the birds were switched over from the 
grower diet to the breeder diets that included the Milbond-
TX mycotoxin binder; it was also at this age that they were 
light stimulated. There were three treatments, each with a 
different level of inclusion of Improved Milbond TX. Treat-
ment one had an inclusion of 0%, treatment two, 0.5%, and 
treatment three, 1.00% (Table 1). In all three treatments, 
birds were fed the same amount of feed daily (g/bird/day). 
The amount of feed was adjusted for pens that had mortal-
ity. The males were also fed according to the recommenda-
tions of the primary breeder. 
All diets were formulated to ideal protein profile, 15.5% 
crude protein (CP) and to contain 2915 apparent metaboliz-
able energy (AME) kcal/kg (Table 2). Hens were fed accord-
ing to the primary breeder’s recommendations for feeding 
hens into production. At peak feed consumption, hens were 
receiving 154 g feed/bird/day. At peak consumption, hens 
were consuming 450 kcal/bird/day and 23.9 g CP/bird/day. 
Feed was withdrawn post-peak egg production. Samples of 
the feed were submitted to the Central Analytical Labora-
tory (University of Arkansas Poultry Science Center, Fay-
etteville, Ark.) for analysis (Table 3).
Eggs were gathered three times daily from the start of 
production until peak production. After the hens reached 
peak, eggs were picked up twice daily. At each egg gather-
ing, the number of eggs was recorded. All eggs were saved 
for hatching; a marker was used to write the pen number 
on each egg in order to track the hatchability and fertility 
by pen. 
	  
Table	  1.	  Experimental	  Breeder	  Diets.	  	  
Ingredient†,	  %	   Treatment	  1	  (0%)	   Treatment	  2	  (0.5%)	   Treatment	  3	  (1.00%)	  
Corn	  9.5%	  CP	   64.30	   63.70	   62.10	  
Soybean	  meal	  47.1%	  CP	   17.10	   17.20	   17.60	  
Wheat	  Shorts	   5.00	   5.00	   5.00	  
Poultry	  Fat	   3.12	   3.30	   3.82	  
Limestone	   7.51	   7.51	   7.51	  
Dicalcium	  Phosphate	   1.51	   1.51	   1.52	  
Salt	   0.33	   0.33	   0.33	  
Sodium	  Bicarbonate	   0.20	   0.20	   0.20	  
Methionine	  98.5%	   0.30	   0.30	   0.30	  
Lysine	   0.20	   0.20	   0.20	  
Choline	  Chloride	  60%	   0.12	   0.12	   0.12	  
Vitamin	  Premix	   0.20	   0.20	   0.20	  
Trace	  Mineral	   0.08	   0.08	   0.08	  
Selenium	  Premix	  0.6%	   0.02	   0.02	   0.02	  
Ethoxoquin	   0.02	   0.02	   0.02	  
Milbond-­‐TX	   0.00	   0.50	   1.00	  
†	  These	  were	  the	  formulas	  used	  to	  provide	  the	  necessary	  nutrients	  for	  optimum	  bird	  
	  	  performance	  based	  on	  primary	  breeder	  recommendations,	  plus	  the	  addition	  of	  the	  
	  Milbond-­‐TX	  mycotoxin	  binder.	  CP	  =	  crude	  protein.	  
	  
Table	  2.	  Calculated	  nutrient	  content.	  
Calculated	  
Nutrient†	  
Diets	  
0%	   0.5%	   1.00%	  
AME,	  Kcal/Kg	   2,915.00	   2,915.00	   2,915.00	  
CP,	  %	   15.50	   15.50	   15.50	  
Calcium,	  %	   3.25	   3.25	   3.25	  
Available	  Phosphorous,	  %	   0.41	   0.41	   0.41	  
Digestible	  Lysine,	  %	   0.75	   0.75	   0.75	  
Digestible	  TSAA,	  %	   0.68	   0.68	   0.68	  
Digestible	  Threonine,	  %	   0.42	   0.42	   0.42	  
†	  Nutrient	  content	  of	  each	  diet	  based	  on	  mathematic	  calculation.	  
	  	  AME	  =	  Apparent	  metabolizable	  energy,	  CP	  =	  crude	  protein,	  
	  	  TSAA	  =	  Total	  sulfur	  amino	  acids.	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Egg weights were recorded two days of each week. The 
weight was recorded by gathering all the eggs in a pen and 
weighing all the eggs on a digital scale and then dividing by 
the number of eggs gathered. 
Starting the week after the hens came into production, 
the eggs were set in an incubator weekly for 12 weeks to-
tal. At transfer on the 18th day, the eggs were candled for 
infertile, contaminated, and early dead embryos. These 
eggs were then broken open to determine if it was infertile, 
contaminated, or died early during incubation. When the 
hatch was pulled each chick was weighed individually using 
a digital scale. The remaining unhatched eggs were broken 
open to determine when the embryo died. At the end of the 
trial, the percent hatch and fertility were compared between 
the treatments. The number of eggs, egg weights, and chick 
weights were also analyzed and compared. 
Data were analyzed using JMP Pro 10 (SAS Institute, 
Inc., Cary, N.C.) using standard least square analysis re-
duced maximum likelihood (REML) method. Pen was 
considered as a random effect. When significant differences 
were found, means were separated using Tukey’s honestly 
significant difference (HSD), α = 0.05.
RESULTS AND DISCUSSION
Overall the birds used stayed in good health with total 
hen mortality at only 1.7%, not due to the inclusion of Im-
proved Milbond-TX mycotoxin binder. Similarly, in trials 
done with broilers and commercial egg-type layers, mortal-
ity has been kept below 3% in one case and below 2% in the 
other. Mortality in these trials was not due to the inclusion 
of Improved Milbond-TX mycotoxin binder (Miles and 
Henry, 2007a,b).
Egg Production. In the current trial, the number of eggs 
per hen housed was not significantly different between the 
treatments. The numbers of eggs per hen housed were 55.5, 
57.8, and 56.9 for treatments 1, 2, and 3, respectively (P = 
0.4233, SEM =1.2).  
In an experiment done by Miles and Henry, 2007a with 
Leghorn hens fed Improved Milbond TX, there was a sig-
nificant difference between hens fed a diet with 0% and 1% 
inclusion. Hens fed diets with no added Improved Milbond 
TX had a higher average daily production from weeks 9-12. 
However, they were using hens from two different genetic 
lines, one selected for poor shell quality and one for good 
shell quality. When this was taken into account, there was 
no effect of the Improved Milbond TX on egg production 
(Miles and Henry, 2007a). Improved Milbond TX had no 
effect on feed intake and it appeared that no other nutrients 
relating to egg production were tied up by the binder.  
Egg Weights. Egg weights were not significantly different 
among treatments (Table 4, P = 0.759, SEM = 0.689). The 
egg weights at 35 weeks of age were within 0.6 grams be-
tween treatment one and treatments two and three. Treat-
ments two and three were exactly the same. It would seem 
that no nutrients were tied up by the binder that may affect 
egg weight or synthesis of protein. 
Likewise, Miles and Henry, 2007a found no significant 
differences (P > 0.10) between egg weights among treat-
ments except for during two separate weeks of their trial. 
During weeks 16 and 20, they did find a significant differ-
ence between treatments which received 0%, 1%, and 2% 
inclusion of Improved Milbond-TX mycotoxin binder, with 
the weights of the treatment given 2% being the lowest (P > 
0.05; Miles and Henry 2007a)
Hatchability. Hatchability in this trial was calculated 
from total eggs set for the week. Overall hatchability was 
not significantly different among treatments (P = 0.3152). 
Only in one week’s hatch was there a significant difference. 
Between treatment 2 (0.5%) and treatments 1 (0%) and 3 
(1%) there was a difference. Due to this occurring only one 
week of the whole trial, it is unlikely that this was because of 
feeding Improved Milbond TX. Some possibilities for this 
reduced hatchability could have been a result of a hatchery 
error that affected the trays containing eggs from this treat-
ment or rough handling, cracked eggs etc. Besides this one 
week with significant difference (P = 0.0306), hatchability 
was consistent throughout the trial and was not affected by 
feeding Improved Milbond TX (Table 5).   
Table	  3.	  Actual	  nutrient	  analysis.	  
Analyzed	  Nutrient	  †	  
Diets	  
0%	  (treatment	  1)	   0.5%	  (treatment	  2)	   1.00%	  (treatment	  3)	  
DM,	  %	   89.80	   89.40	   89.90	  
CP,	  %	   15.30	   16.00	   15.30	  
Ash,	  %	   11.39	   11.56	   12.42	  
Fat,	  %	   5.45	   5.48	   6.27	  
Calcium,	  %	   3.27	   3.37	   3.38	  
Total	  Phosphorous,	  %	   0.60	   0.64	   0.60	  
Calories/g	   3,788.00	   3,787.00	   3,772.00	  
†	  Nutrient	  content	  of	  the	  diets	  as	  determined	  by	  laboratory	  analysis.	  
	  	  DM	  =	  dry	  matter,	  CP	  =	  crude	  protein.	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Fertility. The fertility among the treatments remained 
consistent throughout the trial and there was no significant 
difference between any treatments (P = 0.2630). Overall fer-
tility was consistent, there was a moderate increasing trend 
as the birds aged in treatments 2 and 3 (Table 6). It appears 
that feeding higher than recommended levels of Improved 
Milbond TX has no effect on sperm production or sperm 
quality of the males and does not reduce mating activity. 
Likewise, it had no effect on the ability of the female to store 
sperm and did not interfere with fertilization in the female.
Chick Weights. The chick weights were unaffected by 
feeding higher levels of Improved Milbond TX (Table 7) and 
there was no significant difference among the treatments (P 
= 0.6738). The increase of chick weights over the trial pe-
riod is normal. Older hens lay larger eggs and as a result the 
chick weights increased. In regard to egg weights, this same 
phenomenon was found in a trial done by Miles and Henry 
(2007a) with commercial egg-type laying hens.  On average, 
chick weights increased 6.3 grams per chick over 10 weeks. 
As far as overall weights are concerned, there was only a 0.3 
gram difference between treatment 3 and treatments 1 and 
2. Treatments 1 and 2 were exactly the same.
Since chick weight is closely linked to egg weight (Hal-
bersleben and Mussehl, 1922) it can be asserted that if egg 
weight is not affected by feeding higher than recommended 
levels of Improved Milbond-TX mycotoxin binder, then 
chick weight will also be unaffected. 
SUMMARY
In conclusion, the inclusion of Improved Milbond-TX 
mycotoxin binder at levels up to 1% in broiler breeder di-
ets has no negative effect on bird performance in terms of 
egg production, egg weight, hatchability, fertility, and chick 
weight, and is therefore safe to use up to this level. 
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